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Description 

This invention relates to oxidation reactions. In one aspect, this invention relates to selective oxidation 
reactions for the production of epoxides from olefins. 

5 

Background of the Invention 

Epoxides are highly reactive chemical compounds which, as a result of their reactivity, can be used in a 
wide variety of applications. Unfortunately, due to the reactivity of epoxides, they are often difficult to 
10 prepare with high selectivity and in high yields. Ethylene is the only olefin which has been successfully 
oxidized employing molecular oxygen on a commercial scale to produce an epoxide. 

Preferred catalysts employed for the oxidation of ethylene to procude ethylene oxide comprise silver on 
solid supports. When such catalysts are employed for the oxidation of olefins having no longer chain 
lengths than ethylene, no epoxides are obtained, but instead various higher oxidation products (up to and 
75 including carbon dioxide and water) are obtained. 

Alternate routes to epoxides other than ethylene oxide include the non-catalytic oxidation of olefins with 
peroxides. Such processes are not only uneconomical, but are also hazardous due to the large quantities of 
peroxide required for the desired conversion. 

It would, therefore, be desirable to be able to catalytically oxidize olefins having longer chain lengths 
20 than ethylene to produce epoxides directly. Such processes would provide large quantities of highly 
reactive olefin derivatives which would find a wide range of uses, such as for example, as polymer cross- 
linking agents, as reactive chemical intermediates, as precursors for the production of organic solvents, and 
the like. 

25 Objects of the Invention 

An object of the present invention, therefore, is to provide a catalytic process for the selective oxidation 
of olefins having a longer chain length than ethylene to selectively produce epoxides in high yield. 

This and other objects of the present invention will become apparent from inspection of the detailed 
30 description and appended claims which follow. 

Statement of the Invention 

In accordance with the present invention, we have discovered that olefins having no allylic hydrogens 
35 can be catalytically oxidized to produce a high selectivity of epoxide derivatives thereof by contacting the 
olefin feed with an oxygen-containing gas in the presence of a silver catalyst and, optionally, an organic 
halide, under defined oxidation conditions. The practice of the present invention makes possible the 
selective, large scale production of such highly functionalized compounds as butadiene oxide, t-butyl 
ethylene oxide, vinyl furan oxide, and methyl epoxy vinyl ketone, employing readily available feedstocks 
40 (e.g., butadiene, t-butylethylene, vinyl furan, and methyl vinyl ketone, respectively). The only other materials 
consumed during the invention reaction, besides the olefin feedstock, are molecular oxygen (and organic 
halide, when employed). Thus, the invention process is not only economical, but, since the reaction can be 
run in the continuous mode, it also makes possible the ready preparation of large quantities of these useful 
chemical compounds. In addition, carrying out the oxidation reaction in the presence of organic halide gives 
45 improved product yield, increased catalyst lifetime, and improved catalyst thermal stability. 

Detailed Description of the Invention 

In accordance with the present invention, we have developed a process for the selective epoxidation of 
so olefins having defined structure which comprises contacting the feed olefin with a sufficient quantity of an 
oxygen-containing gas so as to maintain the molar ratio of olefin to oxygen in the range of 0.01 up to 20, in 
the presence of a silver catalyst and, optionally, an organic halide, at a reaction pressure in the range of 0.1 
up to 100 atmospheres and a temperature in the range of about 75 up to 325 °C for a reaction time 
sufficient to obtain olefin conversions per pass in the range of about 0.1 up to 75 mole percent. 
55 Olefins contemplated for use in the practice of the present invention are N-vinylpyrrolidone or those 
which satisfy the following structural formula: 
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wherein each R is independently selected from: 

a) hydrogen, 

b) aryl and substituted aryl groups having in the range of 7 up to 20 carbon atoms, 

c) tertiary alkyl groups of the formula: 




where each R' is independently: 
R". 



"<CR") -C-, 



CR 3^"2'n 



or 



CR«(CR») n 



-8-o- , 



where R" is H, C1-C10 alkyl or substituted alkyl, an aryl or substituted aryl group having 6 up to 20 
30 carbon atoms, and n is a whole number from 0-12; 

d) CR3' -(CR2' )x-0-, where x is a whole number from 1-12; 
e) 



f) R 2 ' N- ; 
40 g) R"S- ; 

h) CR 2 ' = CR"-(CR" = CR"> y> where y is an integer from 0-20; or 

i) 



45 / \ 



-v 

m 



50 where X is 0, S or NR"; and m is an integer from 0 - 3. 

with the proviso that said olefin have no allylic hydrogens and that at least one R-group not be hydrogen. 

Exemplary olefins which satisfy the above structural formula include butadiene, tertiary butylethylene, 
vinyl furan, methyl vinyl ketone, N-vinyl pyrrolidone, and the like. A presently preferred olefin for the use in 
the practive of the present invention is butadiene because of its ready availability, relatively low cost, and 

55 the wide range of possible uses for the epoxide reaction produce. 
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The epoxides produced by the invention process have the structural formula: 

vV 

wherein each R is independently defined as set forth above. Where one or more of the R-groups contain 
io carbon-carbon bond unsaturation, further oxidation can be carried out in accordance with the present 

invention, thereby producing polyepoxide products. 

The silver catalyst required for the practice of the present invention can be employed in either 

supported or unsupported forms. 

When a support is employed, the loading level of silver on support typically falls within the range of 
75 about 0.1 up to 50 weight percent, calculated as elemental silver and based on the total weight of finished 

catalyst. Preferably, the loading level of silver on support falls within the range of about 1 up to 30 weight 

percent elemental silver; with loading levels in the range of about 2 up to 20 weight percent being most 

preferred. 

It is presently preferred to apply the silver to a solid support for efficient use of the expensive silver 
20 component. Typical catalyst supports include 

silica, 

alumina, 

silica-alumina, 

titanium oxide, 
25 lanthanum oxide, 

magnesium oxide, 

boron nitride, 

boron carbide, 

silicon nitride, 
30 silicon carbide, 

zinc oxide, 

tin oxide, 

iron oxide, 

calcium oxide, 
35 barium oxide, 

strontium oxide, 

zirconium oxide, 

carbon, 

boron phosphate, 
40 zirconium phosphate, 

and the like, as well as mixtures of any two or more thereof. 

Typically, these sold supports will have a surface area of less than about 50 m 2 /g. Preferred supports 
will have a surface are of less than about 10 m 2 /g and will be neutral or moderately basic in character. The 
presently most preferred supports have surface areas of less than about 1 m 2 /g, and include alumina, silica, 
45 and silicon carbide. 

The actual physical form of the catalyst support is not particularly important. While the form of the 
catalyst support has little effect on catalyst activity, practical considerations such as ease of heat transfer, 
mass transfer, pressure drop due to fluid flow restriction, efficiency of gas-liquid-solid contacting, catalyst 
durability, and the like make the use of defined shapes such as spheres, pellets, extrudates, rings, saddles, 

so and the like preferred. 

Especially preferred supports are those which have been treated with in the range of 0.001 up to 10 
weight %, based on the total weight of catalyst, including support, of at least one promoter selected from: 

the salts of alkali metal, 

the oxides of alkali metals, 
55 the salts of alkaline earth metals, 

the oxides of alkaline earth metal, 

organic halides, 

inorganic halides, 
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acid halides, or 
elemental halogens. 

Exemplary salts of alkali metals include sodium nitrate, sodium sulfate, sodium chloride, sodium bromide, 
rubidium nitrate, rubidium acetate, lithium sulfate, lithium chloride, cesium nitrate, cesium chloride, cesium 
5 bromide, and the like; exemplary oxides of alkali metals include sodium oxide, sodium hydroxide, cesium 
oxide, cesium hydroxide, lithium oxide, lithium hydroxide, and the like; exemplary salts of alkaline earth 
metals include barium nitrate, barium acetate, calcium nitrate, calcium acetate, calcium chloride, and the 
like; exemplary oxides of alkaline earth metals including barium oxide, barium hydroxide, calcium oxide, 
calcium hydroxide, and the like; exemplary organic halides employed as catalyst promoter include carbon 

io tetrachloride, carbon tetrabromide, chloroform, bromoform, methylene chloride, methylene bromide, eth- 
ylene dibromide, ethylene dichloride, methyl chloride, methyl bromide, ethyl chloride, ethyl bromide, 
dichloropropane, dichloroethylene, trichloroethylene, vinyl chloride, chlorobenzene, bromobenzene, a- 
chlorotoluene, 2-chlorotoluene, and the like; exemplary inorganic halides include HCI, HBr, and the like; 
exemplary acid halides include HOCI, HOBr and the like; and the elemental halogens include chlorine, 

75 bromine and iodine. Those of skill in the art recognize that the above-recited compounds are merely 
illustrative of the compounds which are useful as promoters in the practice of the present invention, and that 
many other compounds which fall within the generic categories set forth above can also be identified and 
would be expected to also impart enhanced activity and/or selectivity to the catalyst employed in the 
practice of the present invention. 

20 Of the above compounds, the alkali metal halides are the most preferred as catalyst promoters, i.e., for 
treatment of catalyst prior to contacting with molecular oxygen and the olefin to be oxidized. Exemplary 
preferred alkali metal halides include cesium chloride, rubidium chloride, potassium chloride, sodium 
chloride, sodium bromide, potassium bromide, rubidium bromide, cesium bromide, and the like. 

Those of skill in the art recognize that catalysts employed in the practice of the present invention can 

25 include additional components which may modify catalyst activity and/or selectivity. Such additives may be 
incorporated into the finished catalyst because their presence aids catalyst preparation, e.g., binders, die 
lubricants, and the like; or additives may be incorporated as extenders to reduce the cost of catalyst 
preparation; or additives may be incorporated to extend the operating ranges for reaction temperature 
and/or pressure; or additives may be incorporated to increase catalyst lifetime under reaction conditions 

30 and/or to modify the amounts of catalyst promoters employed to produce enhanced catalyst activity. It is 
recognized, of course, that some additives (e.g., cesium) are suitably employed in very low levels (i.e., 
milligrams of additive per gram of catalyst); while other additives (i.e., binders, diluents, and the like) are 
suitably employed at significantly higher levels (i.e., as a significant percentage of the total catalyst weight). 
Supported catalysts can be prepared employing techniques well known to those of skill in the art, such 

35 as, for example, by precipitation of the active metals on the support, by impregnation, by coprecipitation of 
support and active metals, by grinding together solid support and active metal(s) in particulate form; and the 
like. When a promoter is also present in the catalyst, the order in which it is incorporated into the catalyst is 
not critical, i.e., support can be contacted with a silver source, then promoter; or support can be contacted 
with promoter, then a silver source; or support can be contacted simultaneously with both promoter and a 

40 silver source; and other such variations. 

Most any source of silver is suitable for use in preparing the catalyst employed in the practice of the 
present invention. Since a preferred method for preparation of supported catalyst involves impregnation of 
support with a solution of a silver compound, soluble silver compounds are a presently preferred source of 
silver. Exemplary compounds are silver nitrate, silver oxalate, silver acetate, and the like. Those of skill in 

45 the art recognize that certain organic silver compounds require the addition of ammonia or an amine in 
order to solubiiize the organic silver compound in aqueous medium; thus, the use of such solvation- 
promoting additives is contemplated in the practice of the present invention. 

The process of the present invention is carried out by contacting the olefin to be oxidized with 
molecular oxygen and, optionally, an organic halide under oxidation conditions, i.e., in the presence of 

50 sufficient quantities of an oxygen-containing gas to provide a molar ratio of olefin to oxygen in the range of 
about 0.01 up to 20, and in the presence of 0 up to about 1000 parts per million (by volume of total feed) of 
organic halide. When employed, preferred quantities of organic halide for use in the practice of this optional 
embodiment of the present invention fall within the range of about 1 up to 100 parts per million, by volume 
of total feed. 

55 While greater or lesser quantities of molecular oxygen can be employed, sufficient quantities of oxygen 
should be provided to insure that undesirably low levels of olefin conversion do not occur, while excessively 
high oxygen concentrations should be avoided to prevent the formation of explosive mixtures. Similarly, 
lower levels of organic halide will provide negligible effect on catalyst performance, while higher levels of 
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organic halide would not be expected to provide any significant improvement in catalyst performance. 

Suitable oxygen-containing gases include air, oxygen-enriched air, substantially purified oxygen, oxygen 
diluted with inert gases such as N 2 , Ar, C0 2 , or ChU, and the like. 

Organic halides contemplated by the optional co-feed embodiment of the present invention include 

5 compounds of the structure R~X, wherein Ff is a hydrocarbyl radical or halogenated hydrocarbyl radical 
having in the range of 1 up to 8 carbon atoms, and X is any one of the halogens, preferably chlorine or 
bromine, and wherein Ff contains at least one hydrogen atom which is sufficiently acidic so as to render 
Ffx capable of undergoing dehydrohalogenation under the reaction conditions. Exemplary organic halides 
include Ci compounds such as methyl chloride, methyl bromide, methylene chloride, methylene bromide, 

10 chloroform and bromoform, and the like; C 2 compounds such as ethyl chloride, ethyl bromide, dich- 
loroethane, dibromoethane, vinyl chloride, dichloroethylene, trichloroethylene, and the like; C3 compounds 
such as dichloropropane, dibromopropane, dichloropropene, dibromopropene, and the like; C* compounds 
such as chlorobutane, bromobutane, dichlorobutane, dibromobutane, chlorobutene, bromobutene, dich- 
lorobutene, dibromobutene, and the like; Cs compounds such as mono-, di-, tri-, tetra- and pentachloropen- 

15 tanes or pentenes, mono-, di-, tri-, tetra-, and pentabromopentanes or pentenes, cyclopentylchloride, 
cyclopentylbromide, and the like; C6 compounds such as mono-, di-, tri-, tetra-, penta- and hexachlorohex- 
anes or hexenes, mono-, di-, tri-, tetra-, penta- and hexabromohexanes or hexenes, cyclohexylchloride, 
cyclohexylbromide, chlorobenzene, bromobenzene, and the like; C7 compounds such as chlorotoluene, 
bromotoluene, benzyl chloride, benzyl bromide, mono-, di-, tri-, tetra-, penta-, hexa- and heptachlorohep- 

20 tanes or heptenes, mono-, di-, tri-, tetra-, penta-, hexa-, and heptabromoheptanes or heptenes, 
chlorocycloheptane, bromocycloheptane, and the like; Cs compounds such as mono-, di-, tri-, tetra-, penta-, 
hexa-, hepta- and octachlorooctanes or octenes, mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, and oc- 
tabromooctanes or octenes, and the like; as well as mixtures of any two or more thereof. 

When employed, the organic halide can be added to the oxidation reaction zone in a variety of ways. 

25 For example, it can be mixed with the olefin to be oxidized and/or the oxygen-containing gas prior to 
contacting with the catalyst, or the organic halide can be introduced to the reaction zone separately from 
the feed olefin and/or the oxygen-containing gas. 

Suitable reaction temperatures fall within the range of about 75 up to 325 # C. At lower temperatures, the 
reaction proceeds so slowly as to be impractical, while at higher temperatures undesirable levels of by- 

30 products, e.g., carbon dioxide, are obtained. Preferred reaction temperatures fall within the range of about 
125 up to 275 Q C; with temperatures in the range of about 175 up to 250 °C being most preferred because 
selectivity to the desired epoxide falls off at temperatures significantly about 250 0 C and space-time yields 
are undesirably low at temperatures below about 175°C. 

The reaction pressure can vary within wide ranges, with typical limits of about 0.1 up to 100 

35 atmospheres being chosen primarily as a function of safety, handling, equipment and other practical 
considerations. Preferably, reaction pressure is maintained in the range of about 1 up to 30 atmospheres. 

Reaction times suitable for the practice of the present invention can vary within wide ranges. Generally, 
olefin, oxygen, organic halide and catalyst are maintained in contact for a time sufficient to obtain olefin 
conversions per pass in the range of about 0.1 up to 75 mole percent. Preferred target olefin conversion 

40 levels per pass fall within the range of about 1 up to 50 mole percent, while reaction times sufficient to 
obtain olefin conversion per pass in the range of about 5 up to 30 mole percent are presently most 
preferred for efficient utilization of the reactor capacity. 

Those of skill in the art recognize that the actual contact times required to accomplish the desired 
conversion levels can vary within wide ranges, depending on such factors as vessel size, olefin to oxygen 

45 ratios, the silver loading level on the catalyst, the presence or absence of any catalyst modifiers (and their 
loading levels), the amount of organic halide present in the reaction zone, the reaction temperature and 
pressure, and the like. 

The invention process can be carried out in either batch or continuous mode. Continuous reaction is 
presently preferred since high reactor throughput and high purity product is obtained in this manner. The 
50 batch mode is satisfactorily employed when high volume of reactant throughput is not required, for 
example, for liquid phase reactions. 

For continuous mode of reaction carried out in the gas phase, typical gas hourly space velocities 
(GHSV) fall within the range of about 100 up to 30,000 hr _1 . GHSV in the range of about 200 up to 20,000 
hr~ 1 are preferred, with GHSV in the range of about 300 up to 10,000 hr _1 being most preferred because 
55 under such conditions the most desirable combination of feed olefin conversion and product selectivities are 
obtained. 

When continuous mode of reaction is carried out in the liquid phase, typical liquid hourly space 
velocities (LHSV) employed will give contact times analogous to that obtained at the GHSV values given 

6 
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above. Most preferably, LHSV employed will fall in a range so as to produce the most desirable 
combination of feed olefin conversion levels and high product selectivity. 

Recovery of product produced in the practice of the present invention can readily be carried out 
employing techniques well known by those of skill in the art. For example, where reaction is carried out in 

5 the continuous mode, unreacted starting material is initially separated from reaction products; and the 
desired product then isolated from the resulting product mixture by distillation, crystallization, extraction, or 
the like. Since the selectivity to the desired epoxide product is generally quite high, there are only small 
amounts of undesired reaction products from which to isolate the desired product. 

The invention will now be described in greater detail by reference to the following non-limiting 

w examples. 

EXAMPLE 1 - Catalyst Preparation 

Catalysts were typically prepared by impregnation of support with a solution of a silver compound (and 
75 optionally a promoter) in 0.5-2 volumes of solvent relative to the volume of support being treated. 

Thus, for example, a 14.2% Ag (as determined by neutron activation analysis) on Al 2 0 3 support was 
prepared by dissolving 202.3 grams of Kodak silver nitrate in 500 mL of distilled water. Five hundred grams 
of calcined Al 2 0 3 3/16" spheres (surface area 0.39 m 2 /g, total pore volume 0.36 cc(Hg)/gm, median pore 
diameter 5.4n, packing density 0.94 g/cm 3 , crush strength 65.2 pounds, chemical composition (wt %): 
20 AI2O3 - 86.1, Si0 2 - 11.8, Fe 2 0 3 - 0.2, Ti0 2 - 0.1, CaO - 0.4, MgO - 0.4, Na 2 0 - 0.4, Ks>0 - 0.6) were added 
to the silver-containing solution, the mixture tumbled for 30 minutes at 50 °C, then water removed under 
vacuum at 60 *C. The resulting pellets were then dried for 30 minutes at 120 *C in a forced air oven. This 
material could be calcined and used directly for oxidation of olefin feed or treated with a promoter and then 
calcined. 

25 Prior to catalyst evaluation (and either before or after further treatment with promoter), all catalysts were 
optionally calcined in an oxygen-containing atmosphere (air or oxygen-supplemented helium) at about 
350 'C for about 4 hours. Following calcination, all catalysts employed in the following examples were 
subjected to an activation treated at a temperature in the range of about 300-350 °C in an atmosphere 
initially containing about 2-5% hydrogen in an inert carrier such as helium or nitrogen. The hydrogen 

30 content of the activating atmosphere was gradually increased up to a final hydrogen concentration of about 
20-25% at a controlled rate so that the activation temperature did not exceed 350 • C. After the temperature 
was maintained for about 1 hour at a hydrogen concentration in the range of about 20-25%, catalyst was 
ready for use. 

When a Ag/AI 2 C>3 catalyst was treated with promoter, a quantity of catalyst was contacted with 0.5-2 
35 volumes of aqueous promoter, then dried as previously described. In this way, the catalysts summarized in 
Table I were prepared. Unless otherwise noted in the Table, catalyst support employed was a fluidizable 
powder having a surface area of 0.26 m 2 /g, a total pore volume of 0.675 cc (Hg)/gm, median pore diameter 
19jli, a packing density of 0.98 g/cm 3 , and a chemical composition (wt %) as follows: Al 2 0 3 - 84.7, Si0 2 - 
13.4, Fe 2 0 3 - 0.21, Ti0 2 - 0.47, CaO - 0.21, MgO - 0.12, Na 2 0 - 0.15, K 2 0 - 0.26: 

40 



45 



50 



55 
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Silver was deposited on other supports as well, following the same general procedure as above. Thus, 
8.0% Ag on ZnO was prepared by dissolving 0.26 g of AgN0 3 in 10 mL of distilled water, then adding to 
50 the solution 2 g of uncalcined ZnO (having a surface area of 3.9 m 2 /g, and a particle diameter in the range 
of about 75-1 50n). This material was then dried as described above and is designated as Catalyst CC. 

Titania supported catalyst was prepared by calcining Ti0 2 (having a surface area of about 0.5 m 2 /g, a 
particle diameter in the range of about 40-75u) in oxygen at 450 • for about 4 hours. Three grams of this 
treated Ti0 2 was then slurried in about 10 mL of distilled water, to which was added a solution of about 10 
55 mL of distilled water containing 73 mg of AgN0 3 - The combination was thoroughly mixed, then dried as 
described above. The resulting catalyst, containing about 1.9% Ag, is designated as Catalyst DD. 

A higher silver loading-titania supporting catalyst was prepared by slurrying 3 g of Ti0 2 calcined as 
described above in 15 mL of distilled water, then slowly adding to the slurry a solution of 0.26 g of AgNOa 
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in about 10 mL of distilled water. The mixture was heated for about 1 hour to 80-90 °C, then enough 
formaldehyde was added dropwise until no further silver was precipitated upon addition of HCI to an aliquot 
of the supernatant liquid. The resulting catalyst had a silver loading of 5.2% and is designated Catalyst EE. 
A calcium oxide supporting catalyst was prepared by adding 2.0 g of calcined CaO to 10 mL of distilled 
5 water in which was dissolved 0.26 g of silver nitrate. The mixture was warmed to -50 *C for -1 hour, then 
water was removed under reduced pressure on a rotary evaporator at a temperature of about 60-70 0 C, and 
the sample then dried by placing in a forced air oven at 120° C for 1 hour. The resulting catalyst is referred 
to as Catalyst FF. 

A silica-supported catalyst was prepared as per the general procedure set forth above using a silica 
70 support having a surface area of 0.18 m 2 /g, and a particle diameter in the range of 75-250u. The resulting 
catalyst had a silver loading of 5 wt % and is designated as Catalyst GG. 

A barium oxide supported catalyst was prepared as per the general procedure set forth above using a 
barium oxide support having a surface area of about 1 m 2 /g, and a particle diameter in the range of about 
40-75H. The resulting catalyst had a silver loading of 6.3 wt % and is designated as Catalyst HH. 
75 Boron nitride (BN; Catalyst II), silicon nitride (Si 3 N 4 ; Catalyst J J) and silicon carbide (SiC; Catalyst KK) 

supported catalysts were prepared in accordance with the standard procedure set forth above. In each 
case, support was contacted with the necessary amount of aqueous silver nitrate to achieve a 5 wt % Ag on 
support catalyst. After soaking for about 30 minutes, water was removed on a rotary evaporator, catalyst 
dried in a forced air oven at 120°C, then catalyst loaded into a reactor for in situ activation, which consisted 
20 of calcination for 4 hrs. at 350 • C in a stream of 20% O 2 /80% He, followed by reduction for 1 hr. at 350 • C 
in a steam of 20% H 2 /80% He. The catalyst designations, supports used and support properties are 
summarized below. 
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EXAMPLE 2 - Effect of Silver Loading Level 

In all of the following catalyst evaluation runs, catalysts were evaluated under steady state conditions in 
a 1 atmosphere, single-pass flow reactor system. The reactor tube was constructed of pyrex and the 
catalyst charge (between 0.1 and 20.0 g) was held in place by means of a pyrex frit. The geometries of the 
reactor and catalyst particles as well as bed depth were chosen to maintain and measure the true kinetic 
and catalytic aspects of the reaction. Gas hourly space velocities for all experiments fell within the range of 
about 200 up to 3000 hr~ 1 . A chromel/alumel thermocouple sheathed in stainless steel was embedded 
within the catalyst bed to measure the true reaction temperature. 

The feed gases GvH 6 and 0 2 , as well as the diluent He, were added using mass flow controllers, which 
permitted highly accurate end reproducible flow rates of C*H S , 0 2 , and He regardless of pressure changes 
from the supply cylinders or the reactor system downstream from the controllers. 

Reaction product analyses (as well as feed composition analyses) were made using an in-line gas 
sampling loop connected directly to the inlet of a Varian 3760 gas chromatograph. Both thermal conductiv- 
ity (TC) and flame ionization (Fl) detectors [(connected in series below the packed Chromosorb 101 column 
(8 ft. by 2mm id pyrex capillary column)] were used to analyze all of the reaction products. The TC detector 
gave quantitative analyses for 0 2 , C0 2 , H 2 0 and HCHO (if present), while the Fl detector was used for 
organic molecules such as CaHs, butadiene monoxide, crotonaldehyde, 2,5-dihydrofuran, furan and acrolein. 
In practice, however, usually only the selective epoxidation product and olefin feedstock were present as 
organic molecules. Further, by means of a switching valve, it was possible to divert the feed stream through 
the in-line sample loop prior to passage over the catalyst. In this way, quantitative analysis of the feed 
stream and comparison to the corresponding data from the reactor effluent were possible, thereby providing 
very accurate measurements of both conversion levels and product selectivities. Output from both the TC 
and Fl detectors were integrated using computing integrators which were programmed to give both absolute 
quantities and rates of formation. All reactor exit lines were heated and maintained at 125-1 40 *C to prevent 
product condensation. 
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The GC analysis was performed using the following temperature programming schedule: an initial 
temperature of 100°C was held for 5 minutes, followed by a temperature program rate of + 10°C/min up to 
a final temperature of 200 *C which was then held for 7 minutes. The helium GC carrier rate was 20 
mUmin. 

In this example, the effect of silver loading level on feed olefin conversion and product selectivity 
(based on the moles of olefin converted) was investigated. Reaction parameters and results are presented 
in Table 2. 
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The above results demonstrate that high catalyst activity and selectivity are obtained with both 
55 unsupported silver, and supported silver catalysts over a wide range of loading levels. As one might expect, 
higher activities are obtained at higher silver loading levels. It is of note that selectivity is not adversely 
affected even at increasing butadiene conversion levels. 
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EXAMPLE 3 - Effect of Adding Promoters 

A series of catalyst evaluations were carried out employing the same experimental setup described in 
Example 2. A variety of promoted catalysts were tested, with reaction parameters and results set forth in 
Table 3. 
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These results demonstrate that alkali metal and alkaline earth metal compounds increase the rate of 
butadiene monoxide formation and/or increase the selectivity to the desired product (relative to that 
obtained with unpromoted catalyst), with both rate and selectivity frequently being improved- The addition of 
halogens is also shown to be an effective means to increase the selectivity to butadiene monoxide. 
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The benefit of these additives is observed to be independent of the silver loading and the nature of the 
support employed. 

EXAMPLE 4 - Effect of Various Catalyst Supports 

A series of catalyst evaluations were carried out employing the same experimental setup described in 
Example 2. A variety of supported catalysts, prepared using different catalyst supports, were tested. The 
reaction parameters and results are set forth in Table 4. 
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These results demonstrate that a variety of supports are effective for the highly selective conversion of 
butadiene to butadiene monoxide. The results also indicate that alumina and silica are the presently 
55 preferred supports for use in the practice of the present invention. 
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EXAMPLE 5 - Selective Epoxidation of a Variety of Olefins 

The same experimental set-up described in Example 2 was employed with t-butylethylene as the olefin 
feed and 1.77 g of Catalyst P (see Table 1). Reaction parameters and results are set forth in Table 5. 
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These results demonstrate that olefins having no allylic hydrogens, e.g., t-butyl ethylene, can be 
selectively oxidized to the mono-epoxide derivative according to the practice of the present invention. 

EXAMPLE 6 - Effect of Organic Halide Co-Feed 

55 

The effect of the optional use of organic halide co-feeds such as 1 ,2-dichloroethane on the conversion 
of butadiene to butadiene monoxide over a promoted, supported silver catalyst was investigated. 
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For these reactions, a new catalyst was prepared by dissolving 132 g of silver nitrate (Kodak) in 300 ml_ 
of distilled water. To this solution was added 500 g of 1/4" diameter Al 2 0 3 rings (see Table I, footnote 3). 
The mixture was tumbled for 30 minutes at about 50 *C, then the bulk water removed under reduced 
pressure at about 60 °C. The resulting, preliminarily dried rings were then further dried, while being slowly 
tumbled for about two hours at 170° C in a forced air oven. The silver weight loading was determined by 
neutron activation analysis to be about 12 wt %. The resulting material was then calcined as described in 
Example 1 . 

After calcination, a portion of the silver-treated alumina was promoted by adding 200 g of the calcined 
catalyst to a solution of 224 mg CsCI and 32 mg CsN0 3 in 120 mL of methanol. The rings were agitated in 
the methanol solution for about five minutes, then the bulk methanol was removed by rotary evaporation. 
The promoted catalyst was dried as described above at 170° C in a forced air oven, and then activated in a 
hydrogen-containing atmosphere as described in Example 1. The resulting catalyst is composed of 12 wt % 
Ag/Al 2 0 3 promoted with 1.12 mg CsCI/g catalyst and 0.16 mg CsN0 3 /g catalyst (for a total promoter level 
of 0.99 mg Cs/g catalyst and 0.235 mg Cl/g catalyst. This catalyst is designated as Catalyst LL. 

In similar fashion, Catalyst MM was prepared having a silver loading level of 12 wt % on alumina rings 
and promoted with 0.79 mg Cs/g catalyst and 0.21 mg Cl/g catalyst. 

The oxidation of butadiene was then carried out using Catalysts LL or MM according to the procedure 
set out in Example 2. In addition, organic halide was added via a mass flow controller which delivered a gas 
stream containing 100 parts per million (by volume) of organic halide (helium diluent) to the reactant feed 
stream. By proper selection of flow rate for the 100 ppm organic halide-containing feed as diluted into the 
helium/olefin/oxygen feed stream, it was possible to very accurately and reproducibly control the level of 
organic halide in the process feed stream. 

Table 6 illustrates the controlled and reversible effects of co-feeding an organic halide such as 1,2- 
dichloroethane to a reaction zone employed for the selective oxidation of butadiene to butadiene monoxide. 
The data are presented in the order in which the experiments were conducted. Reaction product analyses 
were conducted after about 60 minutes exposure to each concentration of dichloroethane. 



Table 6 



Catalyst Activity (Catalyst MM) at 250 ■ C for Oxidation of Butadiene to Butadiene Monoxide" 


Feed Concentration of 


% Butadiene Conversion 


% Selectivity, Butadiene Monoxide 


1,2-Dichloroethane, ppm 






0 


20.4 


90.8 


20 


16.2 


91.0 


5 


19.3 


91.0 


10 


17.5 


92.0 


0 


21.0 


91 .0 



Teed gas ratios: He/butadiene/0 2 = 4/1/1; gas hourly space velocity was about 600 hr \ 



The results in Table 6 demonstrate that the effect of organic halide on catalyst performance is 
reversible. 

Another series of reactions were carried out with dichloroethane co-feed to determine the effect on 
product selectivity of long-term exposure of catalyst to organic halide co-feed. 
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Table 7 



Product Selectivity for Butadiene Oxidation at 250 * C with Catalyst LL with Dichloroethane Co-Feed* 


Elapsed Time** 


% Butadiene Conversion 


% Selectivity, Butadiene Monoxide 


0 


22.8 


93.3 


18 


20.6 


93.4 


40 


18.6 


94.3 


90 


16.3 


94.8 


113 


15.2 


94.8 


161 


13.6 


95.1 



*Feed gas ratios: He/butadiene/0 2 = 4/1/1; gas hourly space velocity was about 600 hr 1 . 
"Measured in minutes after introduction of 20 ppm dichloroethane was commenced. 



The results in Table 7 demonstrate that organic halide co-feed causes an increase in selectivity to the 
desired epoxide product. 

In order to demonstrate the stabilizing effect of organic halide co-feed on catalyst performance, two 
series of runs were carried out using Catalyst LL at a target reaction temperature of 228° C - one reaction 
modified by the addition of 1 ,2-dichloroethane co-feed and the other carried out in the absence of co-feed. 
A fresh sample of Catalyst LL was used for each series of runs. Results are set forth in Table 8. 
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Table 8 



Eff« 


set of Organic 


Halide Co-f« 


• 

5 d 




on Catalyst 


Stability* 




A. No Organic 


Halide Co-fee 


d 




Time on 








Stream , 






Selectivity , 


min (Rxn. 


X Conversion 


Butadiene 


Temp. °C>** 


Butadiene 


OxyRen 


Monoxide 


51 


6.4 


5 . 1 


96 . 9 


76 


9.0 


5.7 


97 . 8 


101 


11.0 


7.1 


97 . 5 


126 


11.6 


7.5 


97.6 


154 


12.7 


8.4 


97.3 


187 


13.3 


8.9 


97 . 1 


211 


13.4 


8.9 


97 . 2 


240 


13.7 


9.3 


96 . 8 


262 (230) 


14.1 


9.4 


9 7.1 


284 (231) 


14.4 


9.6 


7 / . 1 


307 (233) 


15.3 


10.4 


96 .9 


328 (236) 


16.5 


11.6 


96 .4 


349 (239) 


17.1 


12.2 


96.2 


375 (243) 


18.5 


14.5 


94.7 


401 (256) 


21.5 


22.7 


89.3 


420 (313) 


16.8 


60.8 


39.8 


441 (402) 


12.1 


92.0 


6.7 


460 (422) 


11.2 


92.1 


1.4 



B. Co-feed of A ppm 1 »2— dichloroethane (introduced 
after 270 minutes on stream) 



Time on 
Stream, 
min . 


% Conversion 
Butadiene OxyRen 


% Selectivity, 
Butadiene 
Monoxide 


73 


7.4 


4.6 


97.9 


103 


9.4 


5.9 


97.8 


128 


11.5 


6.3 


97.6 


157 


12.9 


7.7 


97.3 


180 


13.6 


8.8 


97.3 


243 


14.7 


10.4 


96.4 


266*** 


14.9 


10.4 


96.4 


292 


14.3 


10.0 


96.5 


324 


14.9 


10.5 


96.3 


351 


14.9 


10.5 


96.3 


377 


14.8 


10.4 


96.4 
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Table 8 <Cont f d. ) 



5 



Time on 
Stream, 
min . 



Butadiene 



X Conversion 



Oxygen 



X S lectivity, 
Butadiene 
Monoxide 



10 



404 
436 
464 
491 
514 
537 



15.0 
14-6 
15.0 
15.2 
14.8 
15.2 



10.8 
10.3 
10.7 
10.7 
10.0 
10.5 



96.2 
96.3 
96.2 
96.3 
96.9 
96.7 



*Feed gas ratios He/butadiene/02 * 4/1/1; gas 
hourly space velocity was about 2200 hr~l 

**Reaction temperature was 228°C unless noted 
otherwise; temperature excursions are due to 
exothermic reaction resulting from uncontrolled 
rates of reaction. 

***0rganic halide co- feed commenced at 270 minutes on 



The results in Table 8A illustrate the problem of catalyst instability over an extended reaction period. 
After several hours on stream, the temperature of the catalyst bed begins to increase dramatically. As the 
temperature of the catalyst bed increased, it was not possible to maintain the catalyst bed at the desired 
temperature, due to uncontrolled rate of reaction. In addition, selectivity to the desired epoxide product falls 
off dramatically. 

In contrast, the results in Table 8B demonstrate the stabilizing effect exerted by organic halide co-feed. 
Catalyst performance is maintained essentially constant over many hours of reaction, still performing at 
good conversion levels and at very high selectivities about nine hours after reaction was commenced. Note 
also that at the low level of organic halide employed (4 ppm), the steady state levels of conver- 
sion/selectivity obtained without added organic halide (See Table 8A; butadiene conversion about 13%, 
selectivity to epoxide about 97%) are maintained essentially unchanged (see Table 8B) in the presence of 
organic halide. Thus, it is apparent that a concentration of organic halide co-feed can be selected so as to 
maintain virtually any desired steady state level of catalytic activity. 

Another series of reactions were carried out to demonstrate the effect of a variety of organic halide co- 
feeds on the activity of supported silver catalysts used for the oxidation of butadiene to butadiene 
monoxide. For all the runs summerized in Table 9, reaction temperature was 225 *C, feed composition was 
He/butadiene/Oa = 4/1/1, gas hourly space velocity was about 2200 hr"\ and the catalyst employed was 
Catalyst LL. 
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Table 9 

Effects of Various Organic Halides on Catalytic 
Activity and Selectivity to Butadiene Monoxide 

Organic Elapsed \ Selectivity, 



Run 


Halide,* 


time , 


Butadiene 


Butadiene 


No. 


ppm 


mi n . 


conver s l on 


nonox 1Q6 


1 






0 


12.3 


ft "7 ft 

9 / • 9 




DCP , 


!> 


22 


10.3 


98*2 




DCF , 


c 




10.1 


98. A 








67 


12 . *f 


9 / . 0 








85 


13.3 


9 / . J 


2 






0 


13.3 


9 / . !> 




DCM, 


30 


23 


12.6 


97.6 




r\ k.i 

DCM , 


30 


46 


12.4 


97.7 








63 


13.9 


9 7-7 








80 


lM . 5 


9 / . !> 


3 






0 


14 . 5 


97.5 




MC , 


30 


17 


14.3 


97.4 




MC , 


30 


39 


14.2 


97.3 








56 


14.7 


97.2 


4 






0 


15.4 


96.3 




TCE , 


2 - 5 


18 


11.8 


97.8 




TCE, 


2.3 


37 


11.0 


ft *7 q 

9 / . 9 








61 


11 /» 

1 3 . H 


ft *7 0 

9 / • 0 










IH . 6 


9 / . D 


5 






0 


14.6 


97.5 




DUc. , 


Z . D 


\ la 


1J.7 


0 7 ^ 
7 / • 3 




DCE , 


2 . !> 


37 


1*1 . 0 


9 / . H 








D 1 


ID . i 


O 7 1 








ID 


13. J 


0 7 1 
9 / • X 


6 






0 


15.3 


97.1 




vc, 


30 


33 


14.7 


97.0 








38 


15.7 


96.9 


7 






0 


14.0 


96.3 




VB, 


5 


34 


12.0 


96.9 








57 


12.9 


96.5 








112 


13.7 


96.3 


e 






0 


13.7 


96.3 




EB , 


5 


10 


7.3 


97.8 








38 


12.7 


96.5 








95 


13.4 


96.2 
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Table 9 (Cont'd) 

X 

Organic Elapsed % S lectivity, 

Run Halide,* time, Butadiene Butadiene 

No . ppm mln . Conversion Monoxide 

9 - 0 13.4 96.2 

DBE , 5 37 9.8 96.6 

DBE , 5 60 9. A 97.3 

82 10.8 96.5 

- 163 11.3 96.1 



*DCP = 1 , 2— dlchloropropane 
DCM = dichloromethane 
MC «= methyl chloride * 
TCE = tr ichloroethylene 
DCE =» 1 , 2—dichloroethylene 
VC « vinyl chloride 
VB «= vinyl bromide 
EB = ethyl bromide 
DBE = 1 , 2-dibromoethane 



For each organic halide investigated, the catalyst activity (butadiene conversion) and selectivity (molar 
o /o selectivity to butadiene monoxide) were established both before organic halide addition, and after organic 
halide co-feed has been stopped. Thus, the values presented above in Table 9 as "0" time points 
(designated by a "-") represent steady-state values for a given run immediately prior to introduction of 
organic halide co-feed. Conversion/selectivity values are recorded for one or two data points after organic 
halide co-feed was introduced. Then one or two data points are recorded after organic halide co-feed was 
stopped (also designated by a "-"). 

The return of conversion/selectivity values to their pre-co-feed values shortly after co-feed is removed is 
indicative of the reversible and controlled nature of the moderating effect of each of the tested co-feeds on 
catalyst performance. A decline in butadiene converesion and an increase in selectivity to butadiene 
monoxide during organic halide addition is indicative of the moderating effect of the organic halide co-feed. 

EXAMPLE 7 - Comparative Oxidation Reactions 

We attempted to repeat the oxidation of olefins higher than ethylene (such as propylene, 1-butene, 2- 
butene, etc.) as suggested by Brengle & Stewart in U.S. 2,709,173. In efforts to follow the teachings of the 
reference, catalyst composition (5% Ag/Al 2 0 3 ) and reaction parameters as set forth in the reference were 
followed as closely as possible. 
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The reaction parameters employed and results obtained are set forth in Table 10. 
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These results confirm the suggestions of the literature, e.g., "Oxidation of butadiene with Ag 2 0 at 
551 °K (278 °C) by means of pulse technique gave only C0 2 and a small amount of acrylaldehyde." [Bull. 
Chem. Soc, Jap. 51, 3061-3062 (1978)], and "Silver and silver oxide catalysts, although suitable for the 
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oxidation of ethylene to ethylene oxide, do not seem to be similarly effective for the oxidation of the four- 
carbon olefins." [Ind. and Eng. Chem., 44, 594-603 (1952)]. The data set forth in Table 10 demonstrate that 
propylene, 1-butene and 2-butene are converted almost exclusively to C0 2 , with no observable epoxide 



5 These data refute the suggestion by Brengle and Stewart that the "lower molecular weight hydrocarbon 

olefins in particular are adaptable to this invention [preparation of olefin oxides]. Those which are normally 
gaseous, such as ethylene, propene, butene-1, butene-2 and butadiene, for example, are more suitable, with 
ethylene being preferred." [See Col. 2, 1. 64-68]. The data set forth above confirm the suggestions of the 
art, i.e., that silver catalyzed oxidation is effective only for the production of epoxide from ethylene. 
w ' The more recent disclosures of Rao in U.S. 4,429,055 and U.S. 4,474,977 are consistent with the 
suggestions of the above-cited prior art. Rao determined that among the lower olefins, only ethylene can be 
selectively directly epoxidized. When Rao carried out the oxidation of propylene, 1-butene and 1, 3- 
butadiene under epoxidation conditions, no epoxide product was observed. For example, propylene 
conversion was calculated to be 46.1% based on the content of oxygen in the feed, with the primary 
is product formed being acrolein (28.8% selectivity). The only other products of propylene oxidation were C0 2 
and H 2 0. 

Similarly, when Rao evaluated the oxidation of 1, 3-butadiene, the observed products were furan, 
acrolein, dihydrofuran and trihydrofuran: 

The selectivity to furan is 22.4% and to acrolein is 5.1%. Gas chromatographic analysis shows two 
20 other peaks besides furan and acrolein. They have retention times the same as a mixture of dihydrofuran 
and trihydrofuran. 

See Col. 4 lines 1-5 of '997, Thus, Rao, consistently with all other relevant prior art, neither discloses nor 
suggests the selective formation of mono-epoxides from olefins such as butadiene, i.e., olefins having no 
allylic hydrogens. 

25 The examples have been provided merely to illustrate the practice of our invention and should not be 
read so as to limit the scope of our invention or the appended claims in any way. Reasonable variations and 
modifications, not departing from the essence and spirit of our invention, are contemplated to be within the 
scope of patent protection desired and sought. 
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Claims 



1. A process for the selective epoxidation of N-vinylpyrrolidone or olefins having the structure: 



35 




40 



wherein each R is independently selected from: 

a) hydrogen, 

b) aryl and substituted aryl groups having in the range of 7 up to 20 carbon atoms, 

c) tertiary alkyl groups of the formula: 



45 
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where each R* is independently: 



R" 



55 




or 



33 



EP 0 326 392 B1 



CR" 




0— , 



where R" is H, Ci-Cio alkyl or substituted alkyl, an aryl or substituted aryl group having 6 up to 
20 carbon atoms, and n is a whole number from 0-12; 
d) CR3' -(CR 2 ) x -0-, where x is a whole number from 1-12; 
e) 



where X is O, S or NR"; and m is an integer from 0-3. 
with the proviso that said olefin have no allylic hydrogens and that at least one R-group not be 
hydrogen; 

said process comprising contacting said olefin with a sufficient quantity of an oxygen-containing 
gas so as to maintain the molar ratio of olefin to oxygen in the range of 0.01 up to 20, in the presence 
of a silver-containing catalyst and from 0 up to 1000 ppm (by volume of total feed) of an organic halide 
having the structure R'"X, wherein R'" is a hydrocarbyl or halogenated hydrocarbyl radical having in 
the range of 1 up to 8 carbon atoms, and X is any one of the halogens, at a pressure in the range of 
0.1 up to 100 atmospheres, at a temperature in the range of 75 up to 325 °C for a time sufficient to 
obtain olefin conversions in the range of 0.1 up to 75%. 

A process in accordance with Claim 1 wherein said silver catalyst is a supported silver catalyst 
comprising in the range of 0-1 up to 75 weight % elemental silver. 

A process in accordance with Claim 2 wherein said supported silver catalyst is supported on an 
inorganic support having a surface area no greater than about 50 m 2 /g. 

A process in accordance with Claim 3 wherein said inorganic support is selected from: 
silica, 
alumina, 
silica-alumina, 
titanium oxide, 
lanthanum oxide, 
magnesium oxide, 
boron nitride, 
boron carbide, 
silicon nitride, 
silicon carbide, 
zinc oxide, 
tin oxide, 
iron oxide, 
calcium oxide, 
barium oxide, 




f) R 2 N- ; 

g) R"S- ; 

h) CR 2 = CR"{CR" = CR"> y , where y is an integer from 0-20; or 
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strontium oxide, 
zirconium oxide, 
carbon, 

boron phosphate, 
zirconium phosphate, 
or mixtures of any two or more thereof. 

5. A process in accordance with Claim 2 wherein said silver catalyst further comprises in the range of 
0.001 up to 10 weight %, based on the total weight of catalyst, including support, of at least one 
promoter selected from: 

the salts of alkali metals, 
the oxides of alkali metals, 
the salts of alkaline earth metals, 
the oxides of alkaline earth metals, 
organic haiides, 
inorganic haiides, 
acid haiides, or 
elemental halogens, 
as well as mixtures of any two or more thereof. 

6. A process in accordance with Claim 5 wherein said promoter is a halide salt of an alkali metal or a 
mixture of a halide salt and a nitrate salt of an alkali metal. 

7. A process in accordance with Claim 1 wherein said olefin is selected from: 

butadiene, 

tertiarybutyl ethylene, 
vinyl furan, 

methyl vinyl ketone, or 
N-vinyl pyrrolidone, 
as well as mixtures of any two or more thereof. 

8. A process in accordance with Claim 7 wherein said silver catalyst comprises: 

in the range of about 1 up to 30 weight % silver, 

in the range of about 0.001 up to 10 weight percent of an alkali metal halide and, optionally, alkali 
metal nitrate, and 

an alumina support having a surface area of less than about 10 m 2 /g; 
wherein said weight percentages are based on the total weight of catalyst. 

9. A process in accordance with Claim 7 wherein said silver catalyst comprises: 

in the range of about 2 up to 20 weight percerit silver, 

in the range of 0.01 up to 2 weight percent of an alkali metal halide and, optionally, alkali metal 
nitrate, 

an alumina support having a surface area of less than about 1 m 2 /g; 
wherein said weight percentages are based on the total weight of catalyst. 

10. A process in accordance with Claim 9 wherein said alkali metal salts are selected from cesium chloride, 
cesium bromide, or cesium nitrate. 

11. A process in accordance with Claim 8 wherein said contacting is carried out at a temperature in the 
range of about 175 up to 250 °C, at a pressure in the range of about 1 up to 30 atmospheres for a time 
sufficient to obtain olefin conversions in the range of about 1 up to 50%. 

12. A process in accordance with Claim 9 wherein said contracting is carried out at a temperature in the 
range of about 175 up to 250 °C, at a pressure in the range of abut 1 up to 30 atmospheres for a time 
sufficient to obtain olefin conversions in the range of about 1 up to 50%. 

13. A process in accordance with Claim 1 wherein said contracting is carried out in the presence of at least 
0.1 ppm of said organic halide. 
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14. A process in accordance with Claim 13 wherein X is chlorine or bromine. 

15. A process in accordance with Claim 14 wherein said organic halide is selected from: 

methyl chloride, methyl bromide, methylene chloride, methylene bromide, chloroform, bromoform, ethyl 
chloride, ethyl bromide, dichloroethane, dibromoethane, vinyl chloride, dichloroethylene, trich- 
loroethylene, dichloropropane, dibromopropane, dichloropropene, dibromopropene, chlorobutane, 
bromobutane, dichlorobutane, dibromobutane, chlorobutene, bromobutene, dichlorobutene, 
dibromobutene, mono-, di-, tri-, tetra- and pentachloropentanes or pentenes, mono-, di-, tri-, tetra- and 
pentabromopentanes or pentenes, cyclopentylchloride, cyclopentylbromide, mono-, di-, tri-, tetra-, 
penta- and hexachlorohexanes or hexenes, mono-, di-, tri-, tetra-, penta- and hexabromohexanes or 
hexenes, cyclohexylchloride, cyclohexylbromide, chlorobenzene, bromobenzene, chlorotoluene, 
bromotoluene, benzyl chloride, benzyl bromide, mono-, di-, tri-, tetra-, penta-, hexa- and heptach- 
loroheptanes or heptenes, mono-, di-, tri-, tetra-, penta-, hexa- and heptabromoheptanes or heptenes, 
chlorocycloheptane, bromocycloheptane, mono-, di-, tri-, tetra-, penta-, hexa-, hepta- and octachlorooc- 
tanes or octenes, mono-, di-, tri-, tetra-, penta-, hexa-, hepta-, and octabromooctanes or octenes; as 
well as mixtures of any two or more thereof. 

16. A process in accordance with Claim 13 wherein said organic halide is co-fed to the reaction zone in 
admixture with the olefin to be oxidized and/or the oxygen-containing gas. 

17. A process in accordance with Claim 13 wherein said organic halide is fed to the reaction zone 
independently of the introduction of the olefin to be oxidized. 

18. A process in accordance with Claim 1 wherein said oxygen-containing gas is selected from: 

air, 

inert gas diluted air, 
inert gas diluted oxygen, 
oxygen-enriched air, or 
substantially purified oxygen. 

Patentanspruche 

1. Verfahren fur die selektive Epoxidation von N-Vinylpyrrolidon oder Olefinen der Struktur: 




worin R jeweils unabhangig voneinander ausgewahlt ist aus: 

a) Wasserstoff, 

b) Aryl- und substituierten Arylgruppen mit 7 bis zu 20 Kohlenstoffatomen; 

c) tertiaren Alkylgruppen der Formel: 




worin FT jeweils unabhangig voneinander ausgewahlt ist aus: 
FT, 




oder 
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CR^(CRp n -?-0-, 

worin R" steht fur H, Ci-Cio-Alkyl Oder substituiertes Alkyl, eine Aryl- Oder substituierte Arylgruppe 
mit 6 bis zu 20 Kohlenstoffatomen und n eine ganze Zahl von 0-12; 
d) CR3' -(CR 2 ) x -0-, worin x eine ganze von 1-12 ist; 
e) 



f) R 2 ' N-; 

g) R"S- ; 

h) CR2 =CR"^CR" = CR"> y , worin y eine ganze Zahl von 0 - 20 ist; Oder 
i) 

20 

ID 

25 

worin X fur O, S Oder NR" steht; und worin m eine ganze Zahl von 0-3 ist, wobei gilt, dafi das 
Olefin keine allylischen Wasserstoffatome aufweist, und daG mindestens eine R-Gruppe kein Was- 
serstoffatom ist; 

30 wobei das Verfahren umfafit die Kontaktierung des Olefins mit einer ausreichenden Menge eines 

Sauerstoff enthaltenden Gases, derart, daG das molare Verhaltnis von Olefin zu Sauerstoff im 
Bereich von 0,01 bis zu 20 gehalten wird, in Gegenwart eines Silber enthaltenden Katalysators und 0 
bis zu 1000 ppm (bezogen auf das Volumen der gesamten Einspeisung) eines organischen 
Halogenides der Struktur R ,M X, worin R"' ein Kohlenwasserstoffrest oder ein halogenierter Kohlen- 

35 wasserstoffrest mit 1 bis zu 8 Kohlenstoffatomen ist und X ein beliebiges Halogenatom, bei einem 

Druck im Bereich von 0,1 bis zu 100 Atmospharen, bei einer Temperatur im Bereich von 75 bis zu 
325 *C, eine solche Zeitspange lang, die ausreicht, urn Olefin-Umwandlungen im Bereich von 0,1 bis 
zu 75 % zu erzielen. 

40 2. Verfahren nach Anspruch 1, bei dem der Silberkataiysator ein einen Trager aufweisender Silberkataly- 
sator ist mit 0,1 bis zu 75 Gew.-% elementarem Silber. 

3. Verfahren nach Anspruch 2, bei dem der einen Trager aufwetsende Silberkataiysator einen anorgani- 
schen Trager mit einer Oberflache von nicht grofier als etwa 50 m 2 /g aufweist 

45 

4. Verfahren nach Anspruch 3, bei dem der anorganische Trager ausgewahlt ist aus: 
Kieselsaure, 

Aluminiumoxyd, 

Ki esel sa u re- Al u m i n i u m oxy d , 
so Titanoxyd, 

Lanthanoxyd, 

Magnesiumoxyd, 

Bornitrid, 

Borcarbid, 
55 Siliziumnitrid, 

Siliziumcarbid, 

Zinkoxyd, 

Zinnoxyd, 
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Eisenoxyd, 
Kalziumoxyd, 
Bariumoxyd, 
Strontiumoxyd, 
5 Zirkoniumoxyd, 
Kohlenstoff, 
Borphosphat, 
Zirkoniumphosphat 

oder Mischungen von zwei oder mehreren hiervon. 

10 

5. Verfahren nach Anspruch 2, bei dem der Silberkatalysator weiterhin aufweist, bezogen auf das 
Gesamtgewicht von Katalysator, einschliefllich Trager 0,001 bis zu 10 Gew.-% mindestens eines 
Promoters, ausgewahlt aus: 

den Salzen von Alkalimetallen, 
75 den Oxyden von Alkalimetallen, 

den Salzen von Erdalkalimetallen, 

den Oxyden von Erdalkalimetallen, 

organischen Halogeniden, 

anorganischen Halogeniden, 
20 Saurehalogeniden oder 

elementaren Halogenen, 

wie auch Mischungen von zwei dieser Verbindungen oder mehreren hiervon. 

6. Verfahren nach Anspruch 5, bei dem der Promoter ein Halogenidsalz eines Alkalimetalles oder eine 
25 Mischung aus einem Halogenidsalz und einem Nitratsalz eines Alkalimetalles ist. 

7. Verfahren nach Anspruch 1, bei dem das Olefin ausgewahlt ist aus: 
Butadien, 

tert.-Butylethylen, 
30 Vinylfuran, 

Methylvinylketon oder 
N-Vinylpyrrolidon, 

oder Mischungen von zwei oder mehreren Verbindungen hiervon. 

35 8. Verfahren nach Anspruch 7, bei dem der Silberkatalysator umfaflt: 
etwa 1 bis zu 30 Gew.-% Silber, 

etwa 0,001 bis zu 10 Gew.-% eines Alkalimetallhalogenides und gegebenenfalls Alkalimetallnitrat und 
einen Aluminiumoxydtrager mit einem Oberflachenbereich von weniger als etwa 10 m 2 /g; 
wobei die Gewichts-Prozentsatze sich auf das Gesamtgewicht des Katalysators beziehen. 

40 

9. Verfahren nach Anspruch 7, bei dem der Silberkatalysator umfaBt: 
etwa 2 bis zu 20 Gew.-% Silber; 

0,01 bis zu 2 Gew.-% eines Alkalimetallhalogenides und gegebenenfalls Alkalimetallnitrat , 
einen Aluminiumoxydtrager mit einem Oberflachenbereich von weniger als etwa 1 m 2 /g; 
45 wobei die Gewichts-Prozentsatze sich auf das Gesamtgewicht des Katalysators beziehen. 

10. Verfahren nach Anspruch 9, bei dem die Alkalimetallsalze aus Casiumchlorid, Casiumbromid und 
Casiumnitrat ausgewahlt sind. 

so 11. Verfahren nach Anspruch 8, bei dem das Kontaktieren bei einer Temperatur im Bereich von etwa 175 
bis zu 250 'C, bei einem Druck im Bereich von etwa 1 bis zu 30 Atmospharen und eine solche 
Zeitspanne lang erfolgt, die ausreicht, um Olefin-Umwandlungen im Bereich von etwa 1 bis zu 50 % zu 
erzielen. 

55 12. Verfahren nach Anspruch 9, bei dem das Kontaktieren bei einer Temperatur im Bereich von etwa 175 
bis zu 250 • C bei einem Druck im Bereich von etwa 1 bis zu 30 Atmospharen eine solche Zeitspanne 
lang durchgefuhrt wird, die ausreicht, um Olefin-Umwandlungen im Bereich von etwa 1 bis zu 50 % zu 
erzielen. 
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13. Verfahren nach Anspruch 1, bei dem das Kontaktieren in Gegenwart von mindestens 0,1 ppm des 
organischen Halogenides durchgefuhrt wird. 

14. Verfahren nach Anspruch 13, bei dem X fur Chlor oder Brom steht. 

15. Verfahren nach Anspruch 14, bei dem das organische Halogenid ausgewahlt ist aus: 
Methylchlorid, Methylbromid, Methylenchlorid, Methylenbromid, Chloroform, Bromoform, Ethylchlorid, 
Ethylbromid, Dichloroethan, Dibromoethan, Vinylchlorid, Dichloroethylen, Trichloroethylen, Dichloropro- 
pan, Dibromopropan, Dichloropropen, Dibromopropen, Chlorobutan, Bromobutan, Dichlorobutan, Dibro- 
mobutan, Chlorobuten, Bromobuten, Dichlorobuten, Dibromobuten, Mono-, Di-, Tri-, Tetra- und Penta- 
chloropentanen, Oder Pentenen, Mono-, Di-, Tri-, Tetra- und Pentabromopentanen oder Pentenen, 
Cyclopentylchlorid, Cyclopentylbromid, Mono-, Di-, Tri-, Tetra-, Penta- und Hexachlorohexanen oder 
Hexenen, Mono-, Di-, Tri-, Tetra-, Penta- und Hexabromohexanen oder Hexenen, Cyclohexylchlorid, 
Cyclohexylbromid, Chlorobenzol, Bromobenzol, Chlorotoluol, Bromotoluol, Benzylchlorid, Benzylbromid, 
Mono-, Di-, Tri-, Tetra-, Penta-, Hexa- und Heptachloroheptanen oder Heptenen, Mono-, Di-, Tri-, Tetra-, 
Penta-, Hexa- und Heptabromoheptanen oder Heptenen, Chlorocycloheptan, Bromocycloheptan, Mono-, 
Di-, Tri-, Tetra-, Penta-, Hexa-, Hepta- und Octachlorooctanen oder Octenen, Mono-, Di-, Tri-, Tetra-, 
Penta-, Hexa-, Hepta- und Octobromooctanen oder Octenen, wie auch Mischungen von zwei oder 
mehreren dieser Verbindungen. 

16. Verfahren nach Anspruch 13, bei dem das organische Halogenid in die Reaktionsmischung zusammen 
mit dem zu oxidierenden Olefin und/oder dem Sauerstoff enthaitenden Gas eingespeist wird. 

17. Verfahren nach Anspruch 13, bei dem das organische Halogenid in die Reaktionszone unabhangig von 
der Einfuhrung des zu oxidierenden Olefins eingespeist wird. 

18. Verfahren nach Anspruch 1, bei dem das Sauerstoff enthaltende Gas ausgewahlt ist aus: 
Luft, 

mit einem Inertgas verdunnter Luft, 
mit einem Inertgas verdunntem Sauerstoff, 
mit Sauerstoff angereicherter Luft, oder 
praktisch reinem Sauerstoff. 

Revendications 

1. Procede pour I'epoxydation selective de la N-vinylpyrrolidone ou d'olefines de formule : 



R 



R 



\ 



C 



c 




R 



dans laquelle chaque R est choisi independamment parmi : 

a) I'hydrogene, 

b) les groupes aryles et aryles substitues en C7-C20 

c) les groupes alkyles tertiaires de formule : 



R 



C 



R' 



dans laquelle chaque R' est independamment : 



R", 
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O 
II 

CR»(CRJ) n — C— 

5 

OU 

o 

10 H 

CR^(CRJ) n — C— O— 

ou R" est H, un alkyle ou alkyle substitue en C1-C10, un aryle ou aryle substitue en C 6 -C 2 o et n est 
75 un entier de 0 a 12 ; 

d) CR3' (CR2 )*—0— , ou x est un entier de 1 a 12 ; 
e) 

O 

20 |t 

r; n-c- ; 



f) R 2 ' N- ; 
25 g) FTS- ; 

h) CR 2 ' = CR"{CR" = CR"} y , 0C1 y est un entier de 0 a 20 ; ou 
i) 



30 




R" 
m 

35 

ou X est O, S ou NR" ; et m est un entier de 0 a 3 avec la condition que ladite olefine n'ait pas 
d'hydrogenes aliyliques et qu'au moins un R ne soit pas I'hydrogene ; 

ledit procede comprenant la mise en contact de ladite olefine avec une quantite suffisante d'un 
gaz contenant I'oxygene pour maintenir le rapport molaire de I'olefine a I'oxygene dans Pintervalle 

40 de 0,01 a 20, en presence d'un catalyseur contenant de I'argent et de 0 a 1000 ppm (en volume de 

la charge totale) d'un halogenure organique de formule R'"X dans laquelle R" f est un radical 
hydrocarbyle ou hydrocarbyle halogene en C1 -Ca et X est Tun quelconque des halogenes, sous une 
pression dans I'intervalie de 0,1 a 100 atmospheres, a une temperature dans I'intervalle de 75 a 
325 °C pendant une duree suffisante pour obtenir des conversions de I'olefine dans Tintervalle de 

45 0,1 a 75%. 

2. Procede selon la revendication 1, dans lequel ledit catalyseur a I'argent est un catalyseur a I'argent sur 
support comprenant de 0,1 a 75% en poids d'argent elementaire. 

50 3. Procede selon la revendication 2, dans lequel ledit catalyseur a I'argent sur support est depose sur un 
support inorganique ayant une surface specifique de pas plus d'environ 50 m 2 /g. 

4. Procede selon la revendication 3, dans lequel ledit support inorganique est choisi parmi : 
la silice, 
55 Talumine, 

la silice-alumine, 
I'oxyde de titane, 
I'oxyde de lanthane, 
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Toxyde de magnesium, 
le nitrure de bore, 
le carbure de bore, 
le nitrure de silicium, 
le carbure de silicium, 
Toxyde de zinc, 
I'oxyde d'etain, 
I'oxyde de fer, 
Toxyde de calcium, 
I'oxyde de baryum, 
Toxyde de strontium, 
Toxyde de zirconium, 
le carbone, 

le phosphate de bore, 
le phosphate de zirconium, 
ou des melanges de deux ou plusieurs quelconques d'entre eux. 

Procede selon la revendication 2, dans lequel ledit catalyseur a Targent comprend en outre 0,001 a 
10% en poids, par rapport au poids total du catalyseur, y compris le support, d'au moins un promoteur 
choisi parmi : 

les sels de metaux alcalins, 

les oxydes de metaux alcalins, 

les sels de metaux alcalino-terreux, 

les oxydes de metaux alcalino-terreux, 

les halogenures organiques, 

les halogenures inorganiques, 

les halogenures d'acides, 

ou les halogenes elementaires, 
ainsi que les melanges de deux ou plusieurs quelconques d'entre eux. 

Procede selon la revendication 5, dans lequel ledit promoteur est un halogenure d'un metal alcalin ou 
un melange d'un halogenure et d'un nitrate d'un metal alcalin. 

Procede selon la revendication 1, dans lequel ladite olefine est choisie parmi : 

le butadiene, 

le tertiobutylethylene, 

le vinylfuranne, 

la methylvinylcetone ou 

la N-vinylpyrro!idone, 
ainsi que les melanges de deux ou plusieurs quelconques d'entre elles. 

Procede selon la revendication 7, dans lequel ledit catalyseur a Targent comprend : 
d'environ 1 a 30% en poids d'argent, 

d'environ 0,001 a 10% en poids d'un halogenure de metal alcalin et eventuellement d'un nitrate de 
metal alcalin et 

un support d'alumine ayant une surface specifique de 10 m 2 /g ; 

dans lequel lesdits pourcentages en poids sont rapportes au poids total du catalyseur. 

Procede selon la revendication 7, dans lequel ledit catalyseur a Targent comprend : 
d'environ 2 a 20% en poids d'argent, 

de 0,01 a 2% en poids d'un halogenure de metal alcalin et eventuellement de nitrate de metal 
alcalin, 

d'un support d'alumine ayant une surface specifique de moins d'environ 1 m 2 /g ; 
dans lequel lesdits pourcentages en poids sont rapportes au poids total du catalyseur. 

Procede selon la revendication 9, dans lequel lesdits sels de metaux alcalins sont choisis parmi le 
chlorure de cesium, le bromure de cesium et le nitrate de cesium. 
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11. Procede selon la revendication 8, dans lequel ladite mise en contact est effectuee a une temperature 
dans Tintervalle d'environ 175 a 250 B C, sous une pression dans Tintervalle d'environ 1 a 30 
atmospheres pendant une duree suffisante pour obtenir des conversions de I'olefine dans Tintervalle 
d'environ 1 a 50%. 

12. Procede selon la revendication 9, dans lequel ladite mise en contact est effectuee a une temperature 
dans Tintervalle d'environ 175 a 250 °C sous une pression dans Tintervalle d'environ 1 a 30 atmosphe- 
re pendant une duree suffisante pour obtenir des conversions de I'olefine dans Tintervalle d'environ 1 a 
50%. 

13. Procede selon la revendication 1, dans lequel ladite mise en contact est effectuee en presence d'au 
moins 0,8 ppm dudit halogenure organique. 

14. Procede selon la revendication 13, dans lequel X est le chlore ou le brome. 

15. Procede selon la revendication 14, dans lequel ledit halogenure organique est choisi parmi les suivants 

chlorure de methyle, bromure de methyle, chlorure de methylene, bromure de methylene, chloroforme, 
bromoforme, chlorure d'ethyle, bromure d'ethyle, dichloroethane, dibromoethane, chlorure de vinyle, 
dichloroethylene, trichloroethylene, dichloropropane, dibromopropane, dichloropropene, dibromoprope- 
ne, chlorobutane, bromobutane, dichlorobutane, dibromobutane, chlorobutene, bromobutene, dichloro- 
butene, dibromobutene, mono-, di-, tri-, tetra- et pentachloropentanes ou pentenes, mono-, di-, tri-, 
tetra- et pentabromopentanes ou pentenes, chlorure de cyclopentyle, bromure de cyclopentyle, mono-, 
di-, tri-, tetra-, penta- et hexachlorohexanes ou hexenes, mono-, di-, tri-, tetra-, penta- et hexabromo- 
hexanes ou hexenes, chlorure de cyclohexyle, bromure de cyclohexyle, chlorobenzene, bromobenzene, 
chlorotoluene, bromotoluene, chlorure de benzyle, bromure de benzyle, mono-, di-, tri-, tetra-, penta-, 
hexa- et heptachloroheptanes ou heptenes, mono-, di-, tri-, tetra-, penta-, hexa- et heptabromoheptanes 
ou heptenes, chlorocycloheptane, bromocycloheptane, mono-, di-, tri-, tetra-, penta-, hexa-, hepta- et 
octachlorooctanes ou octenes, mono-, di-, tri-, tetra-, penta-, hexa-, hepta et octabromooctanes ou 
octenes ; ainsi que les melanges de deux ou plusieurs quelconques d'entre eux. 

16. Procede selon la revendication 13, dans lequel ledit halogenure organique est introduit dans la zone de 
reaction en melange avec I'olefine a oxyder et/ou le gaz contenant de Toxygene. 

17. Procede selon la revendication 13, dans lequel ledit halogenure organique est introduit dans la zone de 
reaction independamment de Tintroduction de I'olefine a oxyder. 

18. Procede selon la revendication 1, dans lequel ledit gaz contenant de Toxygene est choisi parmi : 

Pair, 

Tair dilue par un gaz inerte, 
Toxygene dilue par un gaz inerte, 
Tair enrichi en oxygene et 
Toxygene essentiellement purifie. 
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